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cense.Abstract Complexes of uranium in its IV oxidation state, using cysteine, glycine, serine and aspar-
tic acid as ligands, have been synthesized. Semi-microanalysis of the complexes indicate 1:1 metal to
ligand ratio for all the synthesized complexes. Infrared spectra of solid complexes have been
employed to establish the groups, coordinated to the metal ion. Effective magnetic moment of
the complexes were also estimated.
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Cysteine, an amino acid has three possible coordination sites
sulfhydryl, amino and carboxylate groups. Li et al. determined
the formation constants of the complexes formed by different
divalent metal ions with cysteine. The sites of binding to zinc
and nickel ions are suspected to be the amino and sulfhydryl
groups (Li and Manning, 1995). The vibration frequencies of
cysteine and serine zwitterions are evaluated using ab initio
methods at the 4-31 G* level (Tarakeshwar and Manogaran,om (M. Nazir).
ity.
lsevier1995). Infrared spectra of complexes of L-cysteine and related
compounds with various divalent metals, prepared using acidic
solutions were studied by Shindo and Brown (1965). Studies
pertaining to the uranium (VI) complexation by L-glycine
(Ramanujam et al., 1979; Bismondo et al., 1983; Lagrange
et al., 1994, 1998; Cerfola et al., 1962; Szabo and Grenthe,
2000; Dongre and Dhuley, 1980; Alcock et al., 1985) and L-cys-
teine (Berthon, 1995; Iftekhar and Dubey, 1984; Raghavan
and Santappa, 1972, 1973) have been published. Generally
1:1 and 1:2 complex stoichiometry was established for glycine
complexes, using potentiometric titrations, calorimetric inves-
tigations, spectrophotometric measurements or polarography.
The potentiometric study of uranium (VI) complex with L-cys-
teine indicates the formation of 1:1 ML complex (Iftekhar and
Dubey, 1984; Raghavan and Santappa, 1972, 1973). Paramag-
netic molecular centers produced by c irradiation at 77 K and
at 293 K in Alx(OH)y, when precipitated with glycine or serine,
were studied by ESR spectroscopy (Laslo et al., 1995). Jermelo
studied the IR spectra of polycrystalline samples of DL-serine
and DL-3, 3-D2-serine with natural occurring isotopic contents
and deuterium-doped DL-serine (Jermelo et al., 2006).
Figure 1 UV–Vis spectra of free metal uranium (IV) solution
and solutions of uranium (IV)-amino acids in 1:1 metal to ligand
ratio.
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2.1. Materials and method
Uranium (VI) stock solution, prepared by dissolving uranyl ni-
trate hexahydrate, (B.D.H) in 0.2 M HCl, was reduced to ura-
nium (IV) by catalytic hydrodenation, in the presence of
platinized alumina (Aldrich) as a catalyst (Naqvi, 1980). The
complexes were prepared by mixing the calculated amount of
each ligand to that of metal ion solution whose concentration
was predetermined. Following that small volume of NaOH
(1 M) solution was added to each reacting mixture to adjust
the pH between 4.5 and 5. At this pH precipitation occurs.
The precipitates of each complex formed was ﬁltered through
whatmann 542 ﬁlter paper and washed with deionized water
and 99% absolute alcohol. The residues were dried over silica
gel.
2.2. Characterization
The complexes were analyzed for their U (IV), C, H, N and S
contents. U (IV) analysis was performed by means of a volu-
metric titration with K2Cr2O7, using barium salt of diphenyl-
amine sulphonic acid as an indicator (Naqvi, 1980). UV–Vis
spectra of free metal and complexes were taken using Shima-
dzu UV-160A UV–Vis Spectrophotometer. IR spectra were re-
corded covering the range of 4000–400 cm1 using IR Prestige-
21 FTIR spectrophotometer. IR assignments of pure ligands
were also conﬁrmed from literature (Shindo and Brown,
1965; Laslo et al., 1995; Hasan, 1991; Nakamoto, 1977). The
spectra were recorded in KBr discs. Sherewood Scientiﬁc Mag-
netic Susceptibility Balance (M.S.B) was used to measure mag-
netic susceptibility values of the complexes.3. Results and discussion
3.1. Semi-microanalysis
Analytical results for the synthesized complexes are reported in
Table 1. These support the formation of complexes with chem-
ical composition of 1:1 metal to ligand ratio.
3.2. UV–Vis measurements
Fig. 1 depicts a summary of measured UV–Vis absorption
spectra of uranium (IV) with each ligand. The detected signif-
icant increase in the absorption and a bathochromic shift of
the absorption maxima compared to the free uranium cation
indicate complex formation between uranium (IV) and amino
acids.Table 1 Analytical results of the uranium (IV) complexes.a
Ligand %C %H
Cysteine 8.79 (8.75) 2.20 (2.19)
Glycine 6.76 (6.29) 2.45 (2.36)
Serine 8.95 (8.76) 2.39 (2.68)
Aspartic acid 11.67 (11.40) 2.15 (2.14)
a Experimental values (calculated values).3.3. IR spectra
Figs. 2–5 show the IR spectrum of synthesized complexes. The
characteristic infrared absorption frequencies of these com-
plexes in solid state are tabulated in Table 2.
In spectrum of uranium (IV)-cysteine complex IR frequen-
cies at 1585.0 and 1406.0 cm1 are assigned as antisymmetric
and symmetric COO frequencies, respectively. In pure cys-
teine SH frequency appears at 2547.8 cm1 but the infrared
spectrum of uranium (IV)–cysteine complex shows no SH
absorption frequency. The absence of SH frequency in the
spectrum of complex is an evidence of involvement of S group
in complexation with metal. The NH2 frequencies are found to
be at 3055.0, 1488.0, and 1124.4 cm1.
Antisymmetric and symmetric COO frequencies in ura-
nous–glycine complex are at 1608.5 and 1407.9 cm1, respec-
tively. NH2 frequencies in this spectra is assumed to be at
3207.4, 1498.6, 1122.5, and 1050.6 cm1 as expected from the
symmetry consideration, the cis-isomer exhibits more bands
in infrared spectra than does the trans-isomer, therefore, the
complex is expected to be cis-isomer because it exhibit two m
MN (567.0 and 542.0 cm1) and two m MO (522.7 and
432.0 cm1).
Frequencies of COO at 1596.9 and 1382.9 cm1 indicate
the involvement of COO group of serine in the complexation
with uranous. The complex forms at slightly acidic medium as
the binding ability of alcoholic OH is relatively less (Vogel,
1989). Assigned NH2 frequencies are at 3053.1, 1467.7,
1126.4, and 1050.6 cm1.%N %S %U
3.42 (3.40) 7.82 (7.78) 57.37 (57.88)
3.97 (3.67) – 62.97 (62.45)
3.21 (3.41) – 57.45 (57.89)
3.98 (3.32) – 56.98 (56.52)
Figure 2 IR spectrum of complex of uranium (IV)-aspartic acid.
Figure 3 IR spectrum of uranium (IV)-glycine complex.
Figure 4 IR spectrum of uranium (IV)-cysteine complex.
Figure 5 IR spectrum of uranium (IV)-serine complex.
Table 2 IR assignments for synthesized uranium (IV)
complexes.
Cysteine Glycine Serine Aspartic acid Assignments
3421.5 3448.5 3469.7 3417.6 H2O strect.
3055.0 3207.4 3053.1 2925.0 NH2 strect.
– – 2038.6 – OH deformation
1585.4 1608.5 1596.9 1622.4 COO asym.
1581.5
1488.0 1498.6 1467.7 1465.6 NH2 bend
1460.0 1413.7 CH2 bend
1406.0 1407.9 1382.9 1392.6 COO sym.
1340.4 1346.2 1340.4 1349.9 CH2 wag
1296.1 – 1303.8 1310.5 CH bend
1193.9 1300.9 1220.9 1227.6 CH2 twist
1124.4 1122.5 1126.4 1104.7 NH2 twist
1050.6 1083.9 NH2 wag
1045.3 1031.8 1010.6 1050.6 CCN asym
908.4 900.7 916.1 900.0 CH2 rock
846.7 854.4 850.5 845.5 CCN sym
775.3 729.0 800.4 662.7 COO wag
671 669.3 609.5 581.7 COO bend
538.1 567.0 572.7 533.7 m MN
542.0
455.2 522.7 437.8 468.4 m MO
432.0
Table 3 Magnetic parameters for uranous complexes.
Ligand Mx fn lso
a = [n(n+2)]1/2 leﬀ
Cysteine U+4 f2 2.67 2.3
Glycine U+4 f2 2.58 2.3
Serine U+4 f2 2.60 2.3
Aspartic acid U+4 f2 2.63 2.3
a lso is spin-only magnetic moment.
b leff is an experimental effective magnetic moment calculated assumin
c The number of unpair electrons per uranium ion calculated from the
Synthesis and characterization of uranium (IV) complexes with various amino acids 103The absence of IR frequencies for unionized and uncoordi-
nated carboxylate group in the spectrum of complex of ura-
nium (IV) with aspartic acid shows that both carboxalic
acids are involved in coordination bonding. The IR active fre-
quencies for coordinated COO appeared at 1622.4 and
1392.6 cm1. Frequencies at 2925.0, 1465.6, and 1104.7 cm1
are assigned for NH2 group. For this complex m MN and m
MO are at 533.7 and 468.4 cm1.b = (8kmT)
1/2 T (K) nc (cal.) n (theory)
8 304 1.58 2
8 304 1.34 2
8 304 1.39 2
8 304 1.46 2
g curie behavior.
values of leff using l= [n(n+ 2)]
1/2.
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Table 3 summarizes the results of magnetic susceptibility mea-
surements. The leff values, of the complexes at room tempera-
ture, were evaluated using Curie law. These values are different
from the values calculated assuming spin-only magnetic mo-
ment. This implies that the magnetic moments are not isolated
and do interact with the adjacent centers, as might be expected
if magnetic dilutions are not adequate (Susceptibility Balance
Instructional Manual, 2001).
4. Conclusions
The results indicate the formation of 1:1 complexes of uranium
(IV) with glycine, cysteine, serine and aspartic acid. Cysteine
coordinates through its sulfhydryl and carboxylate group. In
uranous–glycine complex both amino and carboxylate groups
of glycine are involved in coordination with metal. Due to
slightly acidic media the alcoholic group of serine does not
coordinate with uranous. The coordination sites of serine that
combine with the metal are amino and carboxylate groups.
Amino group and both carboxylate groups of aspartic acid
are involved in the coordination bonding with uranium (IV).
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